The fundamental pathological processes of diseases involving generalized disturbance of skeletal mineralization are ill understood, and treatment is often unsatisfactory. Radiographic techniques are widely used in the diagnosis and management of bone disease. Such techniques are fundamentally dependent on the radio-opacity of skeletal calcium. The most careful radiological assessments may not detect skeletal demineralization until as much as 40% of skeletal calcium is lost (Simon, 1965 possible to achieve uniformity of neutron flux over a field large enough to accommodate a human subject at 2 m. from the source. Details of the experiments and the reason for using neutrons.of this energy are given by Chamberlain et al. (1968a Chamberlain et al. ( , 1968b .
The fundamental pathological processes of diseases involving generalized disturbance of skeletal mineralization are ill understood, and treatment is often unsatisfactory. Radiographic techniques are widely used in the diagnosis and management of bone disease. Such techniques are fundamentally dependent on the radio-opacity of skeletal calcium. The most careful radiological assessments may not detect skeletal demineralization until as much as 40% of skeletal calcium is lost (Simon, 1965) . Anderson et al. (1964) showed that the technique of neutron activation analysis could be applied to the measurement of total body sodium and chlorine in the living subject. These workers also pointed out that total body calcium might be measured in this way. First considerations suggest that calcium is an unsuitable element for detection by neutron activation, since the only suitable isotope produced is 49Ca with a half-life of 8.9 minutes, produced from 48Ca, which forms only 0.18 % of the element and which is not a strong absorber of neutrons. 49Ca, however, produces a gamma ray of high energy (3.05 MeV) . This is readily detected by the whole body counter, and with appropriate pulse height analysis is easily separated from much larger activities of lower energy radiation. We have carried out neutron activation analysis on three cadavers and three living subjects. A system of activation and counting has been established which provides a measure of total body calcium. Activations 1 and 5 were carried out from one direction only.
is the 2"Na (2.76 MeV) activity, produced by activation of the stable element 23Na. We were encouraged by the reproducibility of the 49Ca/24Na ratios, the atNa activity acting for this purpose as an internal standard. Activations one and five were carried out from one direction only. This accounts for much of the variation in counting rates in the same subject.
In order to obtain information about the reproducibility of the system it was decided to activate repeatedly a cadaver under constant conditions of neutron bombardment. The result of eight successive activations is shown in Table II (Cameron and Sorenson, 1963) The most important practical consideration is safety. The radiation doses received by the three subjects have been carefully measured (Table IV) . J. H. F., M. J. C., and D. K. P. received, respectively, total body doses of approximately 1,700, 1,400, and 1,400 mrem. These radiation doses are well within the permissible limit of 3,000 mrem per three calendar months for workers occupationally exposed to ionizing radiation. By comparison the Adrian Committee (1960) 
Summary
The feasibility of whole body neutron activation analysis, for the determination of total body calcium, has been explored by a series of experiments on inanimate phantoms, cadavers, and three living subjects. It has been shown that the method is safe, and that the results are reproducible. As well as being an important investigative tool, this technique should prove of great value in the diagnosis and management of metabolic bone diseases.
We are grateful for the help given by the following: Mr. R. F. Coleman (A.W.R.E., Aldermaston), Dr. John Rundo and his colleagues (A.E.R.E., Harwell), the staff of the Radiation Protection Service (Sutton), Dr Brit. med. J., 1968, 2, 583-585 The existence of a non-exchangeable sodium pool is suggested by the consistently low values for total exchangeable sodium measured by isotope dilution techniques (Edelman et al., 1954; Moore et al., 1963) compared with the values for total body sodium derived from chemical analysis of cadavers (Widdowson et al., 1951 ; Forbes and Lewis, 1956 ; Grove and Scott, 1957) . The concept is supported by the failure of bone sodium to achieve the same specific activity as plasma sodium after injection of 22Na (Edelman et al., 1954) . Anderson et al. (1964) found only a small difference between exchangeable sodium and whole body sodium determined by whole body neutron activation in two living subjects. These workers suggested that this difference corresponded to the fraction (<0.5%) with a long biological half-life in 22Na turnover studies (Miller et al., 1957; Richmond, 1958) . We have carried out whole body neutron activation in three normal male subjects and have found a consistent and substantial difference (approximately 17%) between activatable and exchangeable sodium. Our values for activatable sodium are considerably lower than those for whole body sodium based on chemical analysis of cadavers.
Methods
These studies were made as part of a programme in which measurements of whole body calcium were also made (Chamberlain et al., 1968c) . The conditions of activation of the human subjects, with the use of a cyclotron as neutron source, and the whole body counter have been described previously (Chamberlain et al., 1968a (Chamberlain et al., , 1968b .
A 68-kg. polyethylene phantom " standard man " containing 74.9 g. of sodium as sodium chloride dissolved in 57 litres of water was separately activated under comparable conditions except that the irradiation time was increased to 30 minutes to facilitate counting and the irradiation was carried out from one direction only. As in the human studies a wooden coffin 1.5 cm. thick was used to provide moderation of fast neutrons. The activities produced in suitably placed indium foils were taken as a measure of neutron flux. 24Na produced from 2'Na by neutron capture has a half-life of 15 hours and two gamma emissions of 1.38 and 2.76 MeV. Sodium activities in this study are based on measurement of the higher peak in the energy band 2.58-2.92 MeV. Counting for sodium was started approximately three hours after activation, when the short-lived isotopes also produced during activation had decayed away. Counts were repeated three times in the first 30 hours, and the initial 24Na activity was found by extrapolation to time zero. The activity in the energy band counted was shown to have the half-life of 24Na. The counting efficiency of the whole body counter for 24Na was measured in the phantom and in each of the three subjects after injection of 2 ,uCi of 24Na on a separate occasion. The 24-hour exchangeable sodium was measured a few days later by conventional isotope dilution techniques (Veall and Vetter, 1958) using 20 [LCi of 24Na.
Results
The physical characteristics of the three subjects are shown in Table I . It will be seen that J.H.F. and D.K.P. are very similar in weight and build but differ in age, whereas M.J.C. and D.K.P. are very similar in age. The 24Na activities produced in each of the subjects and the phantom are seen in Table II . The corresponding "16In counts are a measure of the neutron flux and so of neutron dose received by each subject.
Total body sodium was calculated from the formula: the suffix p denotes the phantom. 13Na denotes stable sodium. 14Na the radio sodium activity induced. 116In the indium activity induced (neutron dose). E the efficiency of counting 24Na. Table III gives the values for total body sodium after correction for differences in irradiation and counting efficiency, and contrasts them with the 24-hour exchangeable sodium for each of the three subjects.
